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(57) ABSTRACT 

A plurality of memory modules used in a computer system 
each include a memory hub that is connected to a plurality 
of memory devices. The memory modules are connected to 
each other in series so that signals are coupled between the 
memory modules and the memory hub controller through 
any intervening memory modules. The signals are coupled 
to and from the memory modules through high-speed bit 
lanes. In the a bit-lane connected to any of the memory hubs 
is inoperative, the memory hub re-routes signals that Would 
be coupled through the inoperative bit-lane to an adjacent bit 
lane. When the signal reaches a memory hub in Which the 
bit-lane is no longer inoperative, the memory hub routes the 
signal back to the original bit lane. In this manner, multiple 
bit-lane failures can be accommodated using a signal extra 
bit-lane. 
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SYSTEM AND METHOD FOR RE-ROUTING 
SIGNALS BETWEEN MEMORY SYSTEM 

COMPONENTS 

TECHNICAL FIELD 

[0001] This invention relates to memory systems, and, 
more particularly, to a memory system having a memory 
controller or the like coupled to several memory modules, 
each of Which may have a memory hub architecture. 

BACKGROUND OF THE INVENTION 

[0002] Computer systems use memory devices, such as 
dynamic random access memory (“SDRAM”) devices, to 
store instructions and data that are accessed by a processor. 
In a typical computer system, the processor communicates 
With the system memory through a processor bus and a 
memory controller. The processor issues a command, such 
as a read command, and an address designating the location 
from Which data or instructions are to be read. The memory 
controller uses the command and address to generate appro 
priate command signals as Well as roW and column 
addresses, Which are applied to the system memory. In 
response to the commands and addresses, data are trans 
ferred betWeen the system memory and the processor. The 
memory controller is often part of a system controller, Which 
also includes bus bridge circuitry for coupling the processor 
bus to an expansion bus, such as a PCI bus. 

[0003] Although the operating speed of memory devices 
has continuously increased, this increase in operating speed 
has not kept pace With increases in the operating speed of 
processors. Even sloWer has been the increase in operating 
speed of memory controllers coupling processors to memory 
devices. The relatively loW speed of memory controllers and 
memory devices limits the communication bandWidth 
betWeen the processor and the memory devices. 

[0004] One approach to increasing memory bandWidth is 
to use multiple memory modules coupled to the processor 
through a memory controller or the like. Each of the memory 
modules can have a memory hub architecture in Which a 
memory hub is coupled to several memory devices, such as 
DRAM devices. The memory hub in each of the memory 
modules can be coupled to the memory controller through a 
plurality of high-speed bit-lanes. Computer systems employ 
ing this architecture can have a higher bandWidth because a 
processor can access one memory device While another 

memory device is responding to a prior memory access. For 
example, the processor can output Write data to one of the 
memory devices in the system While another memory device 
in the system is preparing to provide read data to the 
processor. 

[0005] A conventional computer system 100 having a 
memory hub architecture is shoWn in FIG. 1. The computer 
system 100 includes a processor 104 for performing various 
computing functions, such as executing speci?c softWare to 
perform speci?c calculations or tasks. The processor 104 
includes a processor bus 106 that normally includes an 
address bus, a control bus, and a data bus. The processor bus 
106 is typically coupled to cache memory 108, Which, as 
previously mentioned, is usually static random access 
memory (“SRAM”). Finally, the processor bus 106 is 
coupled to a system controller 110, Which is also sometimes 
referred to as a “North Bridge.” 
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[0006] The system controller 110 serves as a communica 
tions path to the processor 104 for a variety of other 
components. More speci?cally, the system controller 110 
includes a graphics port that is typically coupled to a 
graphics controller 112, Which is, in turn, coupled to a video 
terminal 114. The system controller 110 is also coupled to 
one or more input devices 118, such as a keyboard or a 

mouse, to alloW an operator to interface With the computer 
system 100. Typically, the computer system 100 also 
includes one or more output devices 120, such as a printer, 
coupled to the processor 104 through the system controller 
110. One or more data storage devices 124 are also typically 
coupled to the processor 104 through the system controller 
110 to alloW the processor 104 to store data or retrieve data 
from internal or external storage media (not shoWn). 
Examples of typical storage devices 124 include hard and 
?oppy disks, tape cassettes, and compact disk read-only 
memories (CD-ROMs). 
[0007] The system controller 110 also includes a memory 
hub controller 128 for controlling access to several system 
memory modules 130a-n. Each of the memory modules 
130a-d includes a substrate 134 on Which a memory hub 140 
and a plurality of memory devices 148 are mounted. The 
memory devices 148 may be SDRAM devices or some other 
type of memory devices. The memory devices 148 are 
coupled to the memory hub 140 through a bus system 150 
that normally includes a command bus, an address bus and 
a data bus. The memory hub controller 128 is coupled to the 
memory hubs 140 in the respective memory modules 13011-0] 
through several high speed doWnstream bit-lanes 162 and 
several high speed upstream bit-lanes 164. Each of the 
doWnstream bit-lanes 162 includes a signal line to couple 
signals from the memory hub controller 128 to the memory 
hubs 140 in the memory modules 130a-n. Similarly, each of 
the upstream bit-lanes 164 includes a signal line to couple 
signals from the memory hubs 140 in the memory modules 
130a-n to the memory hub controller 128. In the computer 
system 100 example of FIG. 1, the signals coupled through 
the bit lanes 162, 164 are in the form of packets. The packets 
coupled through the doWnstream bit-lanes 162 generally 
include memory commands, addresses and Write data. The 
packets coupled through the upstream bit-lanes 164 gener 
ally include read data and acknoWledgement signals. HoW 
ever, if the memory hubs 140 include the capability of 
reading data from or Writing data to other memory modules 
130a-n, the packets coupled through either of the bit-lanes 
162, 164 may include memory commands, addresses, Write 
data, read data and acknoWledgment signals. HoWever, other 
means of coupling signals betWeen the memory hub con 
troller 128 and the memory modules 130a-n, including 
dedicated command, address, Write data and read data lines. 
In the computer system 100 shoWn in FIG. 1, there are 10 
doWnstream bit lanes 162a-j and 14 upstream bit lanes 
164a-n. However, different numbers of bit lanes 162, 164 
may be used. HoWever, in several of the examples described 
beloW, only 4 bit lanes 162a-d are shoWn and described for 
purposes of clarity and simplicity. 
[0008] The bit-lanes 162, 164 are divided into segments 
betWeen respective memory modules 130a-n. More speci? 
cally, the memory hub controller 128 is coupled to the 
memory hub 140 in the ?rst memory module 13011 through 
a ?rst segment 170 of the bit-lanes 162, 164 and through a 
connector 190 on the substrate 134. The memory hub 140 in 
the second memory module 1301) is connected to the 
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memory hub controller 128 through a second set of bit-lane 
terminals of the memory hub 140 in the ?rst memory module 
13011, which are connected to a second connector 192 on the 
substrate 134. The signals are thus coupled betWeen the 
memory hub 140 in the second memory module 1301) using 
the ?rst segment 170 of the bit-lanes 190, 192 as Well as a 
second segment 172 of the bit-lanes 190, 192. Similarly, the 
memory hubs 140 in the remaining N-2 memory modules 
130 are connected to the memory hub controller 128 in the 
same manner through the ?rst and second memory modules 
130a,b, the ?rst and second bit-line segments 170, 172, 
respectively, and through any intervening memory modules 
130 and bit-line segments. 

[0009] In operation, the memory hub 140 in each of the 
memory modules 130a-c can processes the signals coupled 
through the bit-lanes 160-166 in one of tWo Ways. First, if 
signals emanating “downstream” from the memory module 
130 are being coupled to the memory hub controller 128 or 
signals from the memory hub controller 128 are being 
coupled to a doWnstream memory module 130, the memory 
hub 140 in the memory module simply passes the signals 
from each of the bit-lanes 162, 164 in one segment to the 
corresponding bit-lanes 162, 164 in the other segment. 
HoWever, if the signals coupled through the bit-lanes 162, 
164 are for accessing one or more of the memory devices 
148 on the memory module 130, the signals are coupled to 
and from the memory hub 140 for that module 130. The 
memory hub 140 then uses signals received from the 
memory hub controller 128 to generate signals for accessing 
the memory devices 148. 

[0010] The memory hub architecture used in the computer 
system 100 alloWs the processor 104 to more ef?ciently 
Write data to and read data from each of the memory devices 
148. For example, the processor 104 can issue a read 
command to an address in a memory device 148 in the 
memory module 130a. During the time that the memory hub 
140 in the memory module 130a issues a corresponding read 
command to the addressed memory device 148 in the 
memory module 130a and the memory device 148 responds 
to the read command, the processor 104 can issue a memory 
command to a different memory module 130, or it can 
perform a function other than accessing a memory device. 
When the read data is ready to be sent from the memory 
module 13011, the processor can again communicate With the 
memory hub 140 in the memory module. 

[0011] Processor-based systems using a memory hub 
architecture can have con?gurations other than the con?gu 
ration shoWn in FIG. 1. For example, devices other than the 
processor 104 may access the memory modules 130 through 
the memory hub controller 128. Also, the memory hub 
controller 128 may be a stand-alone unit or physically 
included as a part of components of an electronic system 
other than the system controller 110. Other modi?cations 
and variations Will be apparent to one skilled in the art. 

[0012] Each of the doWnstream bit-lanes 162 or each of 
the upstream bit-lanes 164 may be each assigned to pass 
speci?c signals, such speci?c bits of a packet. HoWever, the 
bit-lanes 162, 164 are also sometimes assigned on a ?exible 
basis so that, if all or a portion of a bit-lane becomes 
defective, another bit-lane can be substituted for the defec 
tive bit-lane. In fact, in some systems, an extra bit-lane can 
be provided speci?cally for this purpose. One example of the 
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?exible assignment of bit-lanes is schematically illustrated 
in the portion of the computer system 100 shoWn in FIG. 2. 
As shoWn in FIG. 2, the bit-lane 1620 in the ?rst segment 
170 has become defective for one of a variety of reasons. 
The conductor for the bit-lane 1620 may have become 
open-circuited or short-circuited, or an electrical component 
connected to the bit-lane 1620 in the memory hub controller 
128 or in the memory hub 140 in the memory module 130a 
may have become defective. In such case, the memory hub 
controller 128 re-routes signals that Would normally pass 
through the bit-lane 1620 to the extra bit-lane 162d. The 
computer system 100 can therefore continue to function 
despite the inoperable bit-lane 1620 in the ?rst bit-line 
segment 170. 

[0013] The substitution of an extra bit-lane 162d for a 
defective bit-lane 1620 Works Well if only one bit-lane is 
inoperable. HoWever, if tWo or more bit-lanes have become 
inoperable, this substitution procedure Will not suf?ce unless 
tWo extra bit-lanes have been provided. For example, as 
shoWn in FIG. 3, the bit-lane 1620 has become inoperable in 
the ?rst bit-line segment 170, and the bit-lane 16219 has 
become inoperable in the second bit-line segment 172. In 
such case, only tWo bit-lanes 162a, 162d Will remain oper 
able to pass signals from the memory modules 130b-c, 
although three bit-lanes remain operable to pass signals from 
the memory module 130a. HoWever, the system shoWn in 
FIG. 3 generally becomes inoperable if tWo or more bit 
lanes 162 in any segment 170-176 becomes inoperable. 

[0014] There is therefore a need for a memory system 
architecture that alloWs a memory system to be repaired by 
bit-lane substitution despite failures in multiple bit-lanes. 

SUMMARY OF THE INVENTION 

[0015] A memory hub may be used coupled to a plurality 
of memory devices in a memory module. The memory hub 
includes a ?rst plurality of bit-lane terminals for coupling to 
either a memory hub controller or the memory hub of 
another memory module. The memory hub also includes a 
second plurality of bit-lane terminals that may be coupled to 
the bit-lane terminals in the ?rst plurality of the memory hub 
in another memory module. The memory hub includes a 
sWitch coupled to the bit-lane terminals in the ?rst and 
second plurality and to the at least one memory device 
interface. The sWitch includes a sWitching circuit that is 
operable to couple at least some of the bit-lane terminals in 
the ?rst plurality to a respective one of the bit-lane terminals 
in the second plurality if the bit-lane connection to the 
memory hub controller or to another memory hub is oper 
able. If a bit-lane connection to the memory hub controller 
or to another memory hub is inoperable, the sWitching 
circuit is operable to couple the corresponding bit-lane 
terminal in the ?rst plurality to at least one other bit-lane 
terminal in the second plurality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram of a conventional com 
puter system that is capable of using a memory system 
according to one example of the invention. 

[0017] FIG. 2 is a block diagram of a portion of the 
computer system of FIG. 1 shoWing the manner in Which the 
computer system conventionally couples signals betWeen 
memory modules. 
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[0018] FIG. 3 is a block diagram of a portion of the 
computer system of FIG. 1 showing the manner in Which the 
computer system operating in a conventional manner is 
unable to couple signals betWeen memory modules in the 
event of multiple bit-lane failures. 

[0019] FIG. 4 is a block diagram of a portion of the 
computer system of FIG. 1 shoWing the manner in Which the 
computer system couples signals betWeen memory modules 
according to one example of the invention. 

[0020] FIG. 5 is a block diagram of a portion of the 
computer system of FIG. 1 shoWing the manner in Which the 
computer system operating according to one example of the 
invention is able to couple signals betWeen memory modules 
in the event of multiple bit-lane failures. 

[0021] FIG. 6 is a block diagram of a portion of the 
computer system of FIG. 1 shoWing the manner in Which the 
computer system operating according to another example of 
the invention is able to couple signals betWeen memory 
modules in the event of multiple bit-lane failures. 

[0022] FIG. 7 is a block diagram shoWing a memory hub 
according to one example of the invention that may be used 
in the computer system of FIG. 1. 

[0023] FIG. 8 is a logic diagram shoWing one example of 
a sWitching circuit that may be used to sWitch doWnstream 
bit-lanes in the memory hub of FIG. 7. 

[0024] FIG. 9 is a logic diagram shoWing one example of 
a sWitching circuit that may be used to sWitch upstream 
bit-lanes in the memory hub of FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] One example of portion of a computer system 200 
having a memory hub architecture that can continue to 
operate in the event multiple bit lanes become defective is 
shoWn in FIG. 4. The computer system 200 may have a large 
number of doWnstream bit lanes 162 and a large number of 
upstream bit lanes 164, although only 4 doWnstream bit 
lanes 162a-d are shoWn in FIG. 4 for purposes of simplicity 
and clarity. As shoWn in FIG. 4, the bit-lane 1620 in the ?rst 
bit-line segment 170 has become defective. This is the same 
defect as in the computer system 100 shoWn in FIG. 2. As 
in the computer system shoWn in FIG. 2, the memory hub 
controller 128 re-routes the signals to and from the bit-lane 
1620 in the ?rst bit-line segment 170 so they noW pass 
through the bit-lane 162d. However, the memory hub 140 in 
the ?rst memory module 130a does not simply couple the 
?rst segment 170 of the bit-lane 162d to the second segment 
172 of the bit lane 162d. Instead, the memory hub 140 in the 
?rst memory module 130a couples the ?rst segment 170 of 
the bit-lane 162d of the second segment 172 of the bit-lane 
1620. Thereafter, the signals are routed through the bit-lane 
1620 in the remaining bit-line segments 172, 174. 

[0026] The advantage of routing a failed segment of a 
bit-lane back to the original bit-lane in the remaining bit-line 
segments Will be apparent from the example shoWn in FIG. 
5. As shoWn therein, the ?rst segment 170 of the bit-lane 
1620 is inoperable, and the second segment 172 of the 
bit-lane 16219 in inoperable. This pattern of bit-lane failures 
is thus identical to the situation shoWn in FIG. 3. HoWever, 
unlike the computer system shoWn in FIG. 3, in Which only 
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the memory hub controller 128 re-routes signals, the 
memory hubs 140 in the computer system shoWn in FIG. 5 
also re-route signals coupled through the bit-lanes 162a-d. 
More speci?cally, the memory hub controller 128 routes the 
signals that Would be coupled through the ?rst segment 170 
of the bit-lane 1620 through the bit-lane 162d. The memory 
hub 140 in the memory module 130a couples the ?rst 
segment 170 of the bit-lane 162d to the second segment 172 
of the bit-lane 162d. The memory hub 140 in the ?rst 
memory module 130a also couples the ?rst segment 170 of 
the bit-lane 16219 to the second segment 172 of the bit-lane 
1620. As a result signals coupled through the ?rst segment 
170 of the bit-lane 16219 are not coupled through the defec 
tive second segment 172 of the bit lane 162b. 

[0027] With further reference to FIG. 5, in the memory 
modules 130b,c doWnstream from the defective bit-lanes 
162b, 1620, the memory hubs 140 couple the second seg 
ments 172 of the bit-lanes 1620, 162d to the third segments 
174 of the bit-lanes 162b, 1620, respectively. Signals are 
therefore coupled to and from the memory hub 140 in the 
memory module 1300 in their proper order. 

[0028] The ?exibility in Which signals can be re-routed to 
repair multiple bit-lane failures using various examples of 
the invention is further illustrated in the example shoWn in 
FIG. 6. As shoWn therein every one of the bit-lanes 162a-d 
has at least one inoperative segment, and tWo of the bit-lanes 
162a, 1620 are inoperative in tWo segments. Speci?cally, the 
bit-lane 16211 is inoperable in segments 176 and 178, the 
bit-lane 16219 is inoperable in segment 174, the bit-lane 1620 
is inoperable in segments 172 and 180, and the bit-lane 162d 
is inoperable in segment 170. HoWever, because the memory 
hubs 140 in the memory modules 130a-f are able to re-route 
signals to adjacent bit-lanes, the system shoWn in FIG. 6 
remains operational. 

[0029] An example ofa memory hub 204 that can be used 
as the memory hub 140 in one of the computer systems 
shoWn in FIGS. 4-6 is shoWn in FIG. 7. The memory hub 
204 is shoWn in FIG. 7 as being coupled to four different 
banks 240a-d of memory devices, Which, in the present 
example are conventional SDRAM devices. Further 
included in the memory hub 204 are link interfaces 210a-d 
for coupling the memory hub 204 to respective bit-lanes 
162a-d in one segment. A second set of link interfaces 
212a-d couple the memory hub 204 to respective bit-lanes 
162a-d in another bit-line segment. The link interfaces 
210a-d, 212a-d may includes conventional transmitter and 
receiver logic knoWn in the art. It Will be appreciated that 
those ordinarily skilled in the art have suf?cient understand 
ing to modify the link interfaces 210a-d, 212a-d to be used 
With speci?c types of communication paths, and that such 
modi?cations to the link interfaces 210a-d, 212a-d can be 
made Without departing from the scope of the present 
invention. 

[0030] The link interfaces 210a-d, 212a-d are coupled to 
a sWitch 260 through respective signal lines 214. The link 
interfaces 210a-d, 212a-alloW the memory hub 204 to be 
connected in the system memory in a point-to-point con 
?guration, as shoWn in FIGS. 4-6. HoWever, the link inter 
faces 210a-d and 212a-d could also be used to alloW 
coupling to the memory hubs 204 in a variety of other 
con?gurations. The sWitch 260 is further coupled to four 
memory interfaces 270a-d Which are, in turn, coupled to the 
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banks 240a-d of system memory devices, respectively. By 
providing a separate and independent memory interface 
270a-d for each bank 240a-d of system memory devices, 
respectively, the memory hub 204 avoids bus or memory 
bank con?icts that typically occur With single channel 
memory architectures. The sWitch 260 is coupled to each 
memory interface through a plurality of bus and signal lines, 
represented by busses 274. The busses 274 may include a 
Write data bus, a read data bus, and a request line. HoWever, 
it Will be understood that a single bi-directional data bus may 
alternatively be used instead of a separate Write data bus and 
read data bus. Moreover, the busses 274 can include a 
greater or lesser number of signal lines than those previously 
described. 

[0031] The sWitch 260 coupling the link interfaces 210a-d, 
212a-d and the memory interfaces 270a-d can be any of a 
variety of conventional or hereinafter developed sWitches. 
The sWitch 260 may be a cross-bar sWitch that can simul 
taneously couple link interfaces 210a-d, 212a-d and the 
memory interfaces 270a-d to each other in a variety of 
arrangements. The sWitch 260 can also be a set of multi 
plexers that do not provide the same level of connectivity as 
a cross-bar sWitch but nevertheless can couple the link 
interfaces 210a-d to any of the link interfaces 212a-d, and it 
can couple the link interfaces 210a-d, 212a-d to each of the 
memory interfaces 270a-d. The sWitch 260 may also include 
arbitration logic (not shoWn) to determine Which memory 
accesses should receive priority over other memory 
accesses. Bus arbitration performing this function is Well 
knoWn to one skilled in the art. 

[0032] With further reference to FIG. 7, each of the 
memory interfaces 270a-d includes a respective memory 
controller 280, a respective Write buffer 282, and a respec 
tive cache memory unit 284. The memory controller 280 
performs the same functions as a conventional memory 
controller by providing control, address and data signals to 
the system memory device 240a-d to Which it is coupled and 
receiving data signals from the system memory device 
240a-d to Which it is coupled. The Write buffer 282 and the 
cache memory unit 284 include the normal components of a 
buffer and cache memory, including a tag memory, a data 
memory, a comparator, and the like, as is Well knoWn in the 
art. The memory devices used in the Write buffer 282 and the 
cache memory unit 284 may be either DRAM devices, static 
random access memory (“SRAM”) devices, other types of 
memory devices, or a combination of all three. Furthermore, 
any or all of these memory devices as Well as the other 
components used in the cache memory unit 284 may be 
either embedded or stand-alone devices. 

[0033] The Write buffer 282 in each memory interface 
270a-d is used to store Write requests While a read request is 
being serviced. In a such a system, the processor 104 can 
issue a Write request to a system memory device 240a-d 
even if the memory device to Which the Write request is 
directed is busy servicing a prior Write or read request. Using 
this approach, memory requests can be serviced out of order 
since an earlier Write request can be stored in the Write buffer 
282 While a subsequent read request is being serviced. The 
ability to buffer Write requests to alloW a read request to be 
serviced can greatly reduce memory read latency since read 
requests can be given ?rst priority regardless of their chro 
nological order. For example, a series of Write requests 
interspersed With read requests can be stored in the Write 
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buffer 282 to alloW the read requests to be serviced in a 
pipelined manner folloWed by servicing the stored Write 
requests in a pipelined manner. As a result, lengthy settling 
times betWeen coupling Write request to the memory devices 
270a-d and subsequently coupling read request to the 
memory devices 270a-d for alternating Write and read 
requests can be avoided. 

[0034] The use of the cache memory unit 284 in each 
memory interface 270a-d alloWs the processor 104 to 
receive data responsive to a read command directed to a 
respective system memory device 240a-d Without Waiting 
for the memory device 240a-d to provide such data in the 
event that the data Was recently read from or Written to that 
memory device 240a-d. The cache memory unit 284 thus 
reduces the read latency of the system memory devices 
240a-d to maximize the memory bandWidth of the computer 
system. Similarly, the processor 104 can store Write data in 
the cache memory unit 284 and then perform other functions 
While the memory controller 280 in the same memory 
interface 270a-d transfers the Write data from the cache 
memory unit 284 to the system memory device 240a-d to 
Which it is coupled. 

[0035] Further included in the memory hub 200 is a DMA 
engine 286 coupled to the sWitch 260 through a bus 288. The 
DMA engine 286 enables the memory hub 200 to move 
blocks of data from one location in the system memory to 
another location in the system memory Without intervention 
from the processor 104 (FIG. 1). The bus 288 includes a 
plurality of conventional bus lines and signal lines, such as 
address, control, data busses, and the like, for handling data 
transfers in the system memory. Conventional DMA opera 
tions Well knoWn by those ordinarily skilled in the art can be 
implemented by the DMA engine 286. The DMA engine 286 
is able to read a link list in the system memory to execute the 
DMA memory operations Without processor intervention, 
thus, freeing the processor 104 and the bandWidth limited 
system bus from executing the memory operations. The 
DMA engine 286 can also include circuitry to accommodate 
DMA operations on multiple channels, for example, for each 
of the system memory devices in the banks 240a-d. Such 
multiple channel DMA engines are Well knoWn in the art and 
can be implemented using conventional technologies. 

[0036] One example of a multiplexer 300 that can be used 
in the sWitch 260 (FIG. 7) to couple any of the doWnstream 
bit-lanes 162a-d in one segment to an adjacent doWnstream 
bit-lane 162a'-d' in another bit-line segment is shoWn in FIG. 
8. The multiplexer system 300 includes receivers 310, 312, 
314, 316 having their inputs coupled to the respective 
doWnstream bit-lanes 162a-d of one segment 305. The 
outputs of the receivers 310, 312, 314, 316 are coupled to 
one input of respective multiplexers 320, 322, 324, 326. The 
outputs of the last three receivers 312, 314, 316 are also 
coupled to one input of a respective one of the ?rst three 
multiplexers 320, 322, 324. Thus, for example, the output of 
the receiver 312 is coupled to both the multiplexer 322 and 
the multiplexer 320. The outputs of the multiplexers 320, 
322, 324, 326 are coupled to control logic 328, Which is, in 
turn, coupled to the memory devices 148 (FIG. 1) on the 
same memory module 130. The control logic 128 is used for 
routing local memory requests, i.e. commands, addresses 
and sometimes Write data, to the memory devices 148 in the 
same module. The outputs of the multiplexers 320, 322, 324, 
326 are also coupled to one input of a second set of 
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respective multiplexers 330, 332, 334, 336 for use in cou 
pling memory requests to a downstream memory module 
130. The outputs of the ?rst three multiplexers 320, 322, 324 
are also coupled to one input of the last three multiplexers 
332, 334, 336. The outputs of the multiplexers 330, 332, 
334, 336 are coupled to the inputs of respective transmitters 
340, 342, 344, 346, Which have their outputs connected to 
respective bit-lanes 162a‘, 1621)‘, 1620', 162d‘ of another 
segment 315. 

[0037] In operation, each the multiplexers 320, 322, 324, 
326 is controlled by a suitable control circuit (not shoWn) to 
pass either its respective bit-lane or the adjacent higher 
bit-lane. Similarly, the multiplexers 330, 332, 334, 336 is 
controlled by a suitable control circuit (not shoWn) to pass 
either its respective bit-lane or the adjacent loWer bit-lane. 
The multiplexer system can therefore couple any of the 
bit-lanes 162a-d of the segment 305 to either of the adjacent 
bit-lanes 162a'-d' of the segment 315. 

[0038] With further reference to FIG. 9, a similar multi 
plexer system 350 is used to couple one segment 315 of the 
upstream bit lines 164 to another segment 305 of the 
upstream bit lines 164. The multiplexer system includes 
receivers 360, 362, 364, 366 having their inputs coupled to 
the respective upstream bit-lanes 164a'-d' of one segment 
315. The outputs of the receivers 360, 362, 364, 366 are 
coupled to one input of respective multiplexers 370, 372, 
374, 376. The outputs of the last three receivers 362, 364, 
366 are also coupled to one input of a respective one of the 
?rst three multiplexers 370, 372, 374. The outputs of the 
multiplexers 370, 372, 374, 376 are coupled to a second set 
of multiplexers 380, 382, 384, 386. A second input of each 
of these multiplexers 380, 382, 384, 386 is connected to 
control logic 388, Which is, in turn, coupled to the memory 
devices 148 (FIG. 1) on the same memory module 130. The 
control logic 128 is used for routing local memory 
responses, i.e., read data, from the memory devices 148 in 
the same module. The outputs of the multiplexers 380, 382, 
384, 386 are coupled to one input of a second set of 
respective multiplexers 390, 392, 394, 396 for use in cou 
pling memory responses to either the memory hub controller 
128 (FIG. 1) or to an upstream memory module 130. The 
outputs of the ?rst three multiplexers 390, 392, 394 are also 
coupled to one input of the last three multiplexers 392, 394, 
396. The outputs of the multiplexers 390, 392, 394, 396 are 
coupled to the inputs of respective transmitters 400, 402, 
404, 406, Which have their outputs connected to respective 
bit-lanes 164a, 164b, 1640, 164d of another segment 305. 

[0039] In operation, the multiplexer system 350 operates 
in essentially the same manner as the multiplexer system 
300 of FIG. 8 to couple any of the bit-lanes 164a'-d' of the 
segment 315 to either of the adjacent bit-lanes 164a-d of the 
segment 305. 

[0040] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, it Will be 
understood by one skilled in the art that various modi?ca 
tions may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 
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What is claimed is: 
1. A memory hub, comprising: 

a ?rst plurality of bit-lane terminals; 

a second plurality of bit-lane terminals; 

at least one memory device interface; and 

a sWitch coupled to the bit-lane terminals in the ?rst and 
second plurality and to the at least one memory device 
interface, the sWitch including a sWitching circuit that 
is operable to couple at least some of the bit-lane 
terminals in the ?rst plurality to either a respective one 
of the bit-lane terminals in the second plurality or at 
least one other bit-lane terminal in the second plurality, 
the sWitching circuit further being operable to couple at 
least some of the bit-lane terminals in the ?rst plurality 
to the at least one memory device interface. 

2. The memory hub of claim 1 Wherein the sWitching 
circuit is further operable to couple at least some of the 
bit-lane terminals in the second plurality to the at least one 
memory device interface. 

3. The memory hub of claim 1 Wherein the at least one 
other bit-lane terminal in the second plurality to Which the 
sWitch is operable to couple at least some of the bit-lane 
terminals in the ?rst plurality comprises a respective bit-lane 
terminal in the second plurality that is adjacent the bit-lane 
terminal in the ?rst second plurality that corresponds to the 
respective bit-lane terminal in the ?rst plurality. 

4. The memory hub of claim 1 Wherein the bit-lane 
terminals in the ?rst plurality comprise respective bi-direc 
tional bit-lane terminals. 

5. The memory hub of claim 4 Wherein the bit-lane 
terminals in the second plurality comprise respective bi 
directional bit-lane terminals. 

6. The memory hub of claim 1 Wherein the bit-lane 
terminals in the ?rst plurality comprise in number four 
bit-lane terminals. 

7. A memory module, comprising: 

a substrate having a ?rst connector and a second connec 

tor; 

a plurality of memory devices mounted on the substrate; 

a memory hub mounted on the substrate and coupled to 
the plurality of memory devices, the memory hub 
comprising: 

a ?rst plurality of bit-lane terminals connected to the ?rst 
connector; 

a second plurality of bit-lane terminals connected to the 
second connector; 

at least one memory device interface; and 

a sWitch coupled to the bit-lane terminals in the ?rst and 
second plurality and to the at least one memory device 
interface, the sWitch including a sWitching circuit that 
is operable to couple at least some of the bit-lane 
terminals in the ?rst plurality to either a respective one 
of the bit-lane terminals in the second plurality or at 
least one other bit-lane terminal in the second plurality, 
the sWitching circuit further being operable to couple at 
least some of the bit-lane terminals in the ?rst plurality 
to the at least one memory device interface. 
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8. The memory module of claim 7 wherein the switching 
circuit is further operable to couple at least some of the 
bit-lane terminals in the second plurality to the at least one 
memory device interface. 

9. The memory module of claim 7 Wherein the at least one 
other bit-lane terminal in the second plurality to Which the 
sWitch is operable to couple at least some of the bit-lane 
terminals in the ?rst plurality comprises a respective bit-lane 
terminal in the second plurality that is adjacent the bit-lane 
terminal in the ?rst second plurality that corresponds to the 
respective bit-lane terminal in the ?rst plurality. 

10. The memory module of claim 7 Wherein the bit-lane 
terminals in the ?rst plurality comprise respective bi-direc 
tional bit-lane terminals. 

11. The memory module of claim 10 Wherein the bit-lane 
terminals in the second plurality comprise respective bi 
directional bit-lane terminals. 

12. The memory module of claim 7 Wherein the bit-lane 
terminals in the ?rst plurality comprise in number four 
bit-lane terminals. 

13. The memory module of claim 7 Wherein the memory 
devices comprise dynamic random access memory devices. 

14. A memory system, comprising: 

a plurality of memory modules, each of the memory 
modules comprising: 

a substrate having a ?rst connector and a second connec 

tor; 

a plurality of memory devices mounted on the substrate; 

a memory hub mounted on the substrate and coupled to 
the plurality of memory devices, the memory hub 
comprising: 
a ?rst plurality of bit-lane terminals; 

a second plurality of bit-lane terminals; 

at least one memory device interface; and 

a sWitch coupled to the bit-lane terminals in the ?rst and 
second plurality and to the at least one memory 
device interface, the sWitch including a sWitching 
circuit that is operable to couple at least some of the 
bit-lane terminals in the ?rst plurality to either a 
respective one of the bit-lane terminals in the second 
plurality or at least one other bit-lane terminal in the 
second plurality, the sWitching circuit further being 
operable to couple at least some of the bit-lane 
terminals in the ?rst plurality to the at least one 
memory device interface; 

a memory hub controller having a plurality of bit-lane 
terminals; and 

a plurality of bit-lanes connecting the bit-lane terminals of 
the memory hub controller to the bit-lanes in the ?rst 
plurality of bit-lanes of the memory hub in one of the 
memory modules, the ?rst plurality of bit-lane termi 
nals of the memory hubs in the other memory modules 
being connected by respective bit-lanes to respective 
bit-lane terminals in the second plurality of bit-lanes 
terminals of the memory hub in another of the memory 
modules. 

15. The memory system of claim 14 Wherein the sWitch 
ing circuit is further operable to couple at least some of the 
bit-lane terminals in the second plurality to the at least one 
memory device interface. 
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16. The memory system of claim 14 Wherein the at least 
one other bit-lane terminal in the second plurality to Which 
the sWitch is operable to couple at least some of the bit-lane 
terminals in the ?rst plurality comprises a respective bit-lane 
terminal in the second plurality that is adjacent the bit-lane 
terminal in the ?rst second plurality that corresponds to the 
respective bit-lane terminal in the ?rst plurality. 

17. The memory system of claim 14 Wherein the bit-lane 
terminals in the ?rst plurality comprise respective bi-direc 
tional bit-lane terminals. 

18. The memory system of claim 17 Wherein the bit-lane 
terminals in the second plurality comprise respective bi 
directional bit-lane terminals. 

19. The memory system of claim 14 Wherein the bit-lane 
terminals in the ?rst plurality comprise in number four 
bit-lane terminals. 

20. The memory system of claim 14 Wherein the memory 
devices comprise dynamic random access memory devices. 

21. The memory system of claim 14 Wherein the sWitch 
ing circuit in the memory hub in each of the memory 
modules is operable to couple the bit-lane terminals in the 
?rst plurality to respective bit-lane terminals in the second 
plurality that correspond to the respective bit lane terminals 
of the ?rst plurality in the memory hub controller to Which 
the respective bit-lane terminals in the ?rst plurality are 
coupled as long as the bit-lanes connecting the respective 
bit-lane terminals in the second plurality to respective bit 
lane terminals in the ?rst plurality in the memory hub in 
another memory module are operable. 

22. A processor-based system, comprising: 

a processing unit operable to perform computing func 
tions; 

a system controller coupled to the processing unit; 

at least one input device coupled to the processing unit 
through the system controller; 

at least one output device coupled to the processing unit 
through the system controller; 

at least one data storage devices coupled to the processing 
unit through the system controller; 

a plurality of memory modules, each of the memory 
modules comprising: 

a substrate having a ?rst connector and a second 

connector; 

a plurality of memory devices mounted on the sub 
strate; 

a memory hub mounted on the substrate and coupled to 
the plurality of memory devices, the memory hub 
comprising: 
a ?rst plurality of bit-lane terminals; 

a second plurality of bit-lane terminals; 

at least one memory device interface; and 

a sWitch coupled to the bit-lane terminals in the ?rst 
and second plurality and to the at least one 
memory device interface, the sWitch including a 
sWitching circuit that is operable to couple at least 
some of the bit-lane terminals in the ?rst plurality 
to either a respective one of the bit-lane terminals 
in the second plurality or at least one other bit-lane 
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terminal in the second plurality, the switching 
circuit further being operable to couple at least 
some of the bit-lane terminals in the ?rst plurality 
to the at least one memory device interface; 

a memory hub controller having a plurality of bit-lane 
terminals, the memory hub controller being coupled 
to the processing unit through the system controller; 
and 

a plurality of bit-lanes connecting the bit-lane terminals 
of the memory hub controller to the bit-lanes in the 
?rst plurality of bit-lanes of the memory hub in one 
of the memory modules, the ?rst plurality of bit-lane 
terminals of the memory hubs in the other memory 
modules being connected by respective bit-lanes to 
respective bit-lane terminals in the second plurality 
of bit-lanes terminals of the memory hub in another 
of the memory modules. 

23. The processor-based system of claim 22 Wherein the 
sWitching circuit is further operable to couple at least some 
of the bit-lane terminals in the second plurality to the at least 
one memory device interface. 

24. The processor-based system of claim 22 Wherein the 
at least one other bit-lane terminal in the second plurality to 
Which the sWitch is operable to couple at least some of the 
bit-lane terminals in the ?rst plurality comprises a respective 
bit-lane terminal in the second plurality that is adjacent the 
bit-lane terminal in the ?rst second plurality that corre 
sponds to the respective bit-lane terminal in the ?rst plural 
ity. 

25. The processor-based system of claim 22 Wherein the 
bit-lane terminals in the ?rst plurality comprise respective 
bi-directional bit-lane terminals. 

26. The processor-based system of claim 25 Wherein the 
bit-lane terminals in the second plurality comprise respec 
tive bi-directional bit-lane terminals. 

27. The processor-based system of claim 22 Wherein the 
bit-lane terminals in the ?rst plurality comprise in number 
four bit-lane terminals. 

28. The processor-based system of claim 22 Wherein the 
memory devices comprise dynamic random access memory 
devices. 

29. The processor-based system of claim 22 Wherein the 
sWitching circuit in the memory hub in each of the memory 
modules is operable to couple the bit-lane terminals in the 
?rst plurality to respective bit-lane terminals in the second 
plurality that correspond to the respective bit lane terminals 
of the ?rst plurality in the memory hub controller to Which 
the respective bit-lane terminals in the ?rst plurality are 
coupled as long as the bit-lanes connecting the respective 
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bit-lane terminals in the second plurality to respective bit 
lane terminals in the ?rst plurality in the memory hub in 
another memory module are operable. 

30. The processor-based system of claim 22 Wherein the 
memory hub controller is integrated Within the system 
controller. 

31. In a memory system having a plurality of memory 
modules each of Which includes a memory hub and a 
plurality of memory devices, the memory system further 
having a controller connected to the memory hub in one of 
the memory modules through a ?rst plurality of bit-lanes, the 
memory hub in each of the other memory modules being 
coupled to one of the memory hubs in another of the 
memory modules, a method of coupling signals betWeen the 
controller and memory modules, comprising: 

if each of the bit-lanes connected betWeen the memory 
hub in one of the memory modules and the memory hub 
in another of the memory modules is operable, cou 
pling signals through the respective bit-lanes from the 
one memory module to the other memory module using 
the same bit-lanes on Which the respective signals Were 
received by the one memory module, and coupling 
signals through the respective bit-lanes to the one 
memory module from the other memory module using 
the same bit-lanes on Which the respective signals are 
transmitted by the one memory module; and 

if any of the bit-lanes connected betWeen the memory hub 
in one of the memory modules and the memory hub in 
another of the memory modules is inoperable, coupling 
signals through the respective bit-lanes from the one 
memory module to the other memory module using 
bit-lanes that are di?cerent from the bit-lanes on Which 
the respective signals Were received by the one memory 
module, and coupling signals through the respective 
bit-lanes to the one memory module from the other 
memory module using bit-lanes that are di?cerent from 
the bit-lanes on Which the respective signals are trans 
mitted by the one memory module. 

32. The method of claim 31 Wherein if any of the bit-lanes 
connected betWeen the memory hub controller and the 
memory hub in the one memory module is inoperable, 
coupling signals through the respective bit-lanes from the 
memory hub controller to the one memory module using 
bit-lanes that are di?cerent from the inoperable bit-lane, and 
coupling signals through the respective bit-lanes to the 
memory hub controller from the one memory module using 
bit-lanes that are di?cerent from the inoperable bit-lane. 

* * * * * 


